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Annorauus. CrnoprcMmensl, BocctanapiuBaromuecs nocie COVID-19, yacto cramkuBaroTcs ¢
COXPAHSIOIMMHUCS CUMITOMAaMH, TaKUMH KaK CHW)KCHHAs BBIHOCIHMBOCTH, YCTAJIOCTh W MBIIICYHAS
caboCcTh, YTO OCIOXKHAET HMX Oe30omacHoe Bo3BpamieHHe K cnopry. CTaHmapTHBIE POTOKOJIBI
peadmIMTai MOTYT HE YYUTHIBATh HHIMBHIyaIbHBIE TIOTPEOHOCTH BOCCTAHOBJICHHSI.

Lenp wumccnemoBaHust OHEHUTH A(P(HEKTUBHOCTH  MEPCOHAIM3UPOBAHHBIX  MPOTOKOJIOB
peadmiMTanMi Ha OCHOBE HCKYCCTBeHHOTO wuHTeluiekta (MW) mo cpaBHEHHIO cO CTaHIApTHOU
peabumuranueit mociie COVID-19 y cnopTcMeHOB, UCTIONB3YS KIMHHYECKHAE TOKA3aTeln U JaHHbBIS
HOCUMBIX YCTPOMHCTB.

MeTo1pl: TpOCHEKTUBHOE HaOIIOAaTeNbHOE HcchaeaoBanue BKiIo4ano 200 copeBHYyOLUXCA U
pPEeKpealrMoOHHbIX CIIOPTCMEHOB B Bo3pacTe OT 18 1o 40 neT u3 pa3nuyuHbIX BHJIOB CIIOPTA. Y YaCTHUKHU
ObUIM  PAHJIOMHM3UPOBAaHbl JUId TOJy4eHHUs JHOO0 MEepPCOHAIM3UPOBAHHOM peadwinTanuu ¢
ucnosib3oBanneM MU, ocHOBaHHOM Ha MOJEJSIX MAIIMHHOTO 00Y4€HHUsl U JAHHBIX HOCUMBIX YCTPOUCTB,
Tu00 CTaHJAPTHBIX TMPOTOKOJOB, OCHOBAaHHBIX Ha pYKOBOIAMIMX mnpuHIMnax. OlleHuBagach
(yHKIIMOHATIBHAS BBIHOCIUBOCTD (TECT «IIECTh MUHYT XOAbOBD?), TAKECTh YCTAIIOCTH, MbIILIEYHAs CUJIA,
GbyHKIMS TETKUX, BPEMs BO3BPAIICHHUS K TPEHHPOBKAM M Ka4eCTBO KH3HH HA HCXOJAHOM YPOBHE, HA 4-i
n 8-i Hepemax. CTaTUCTUYECKUH aHAJIW3 BKJIOYAJI IOBTOPHBIM JIHUCIIEPCHOHHBIN  aHAIMU3,
MHOJKECTBEHHYIO perpeccuio u orileHKy ROC-kpuBoi.

Pesynbratel: Ha 8-i1 Hepene rpymnna ¢ MU noka3zana 3HauuTeNnbHOE yiydllieHue pyHKIIHMOHATbHON
BeIHOCTMBOCTH (+74,5 M ipotuB +51,3 m; p = 0,002), cHmkenue ycranoctu (—2,3 nmpotus —1,5 6amna; p
= 0,01), moBBIIIIEHWE MBIIIEYHOW CHJIBI M COKpAIllCHHE BPEMEHM BO3BpallleHUs K TpeHupoBkam (36,1
npotuB 43,5 aueit; p < 0,001). IloarpynmoBo#i aHamu3 MoKasall, YTO CIIOPTCMEHBI BHIHOCIMBBIX BUIOB
CropTa JOCTUTIIM HauOoJbIUX (PYHKIIMOHATBHBIX yinydmeHni. ROC-aHamu3 moaTBepansi BHICOKYIO
JTUCKPUMHUHAIIMOHHYIO crocoOHocTh mpoTokona MU (AUC = 0,83) mns panHero Bo3BpalieHHs K
TPEHUPOBKAM.

3akiiloueHue: NepcoHANM3UpoBaHHas pealmiurtanus Ha ocHoBe MU obecrieunBaeT Jyyiine
KIIMHAYECKHE pe3yabTaThl M YCKOpSeT BoccTraHoBieHHEe crnoprcMeHoB rmocine COVID-19, uro
MOJJIEP’KUBAET €€ MHTErPalliI0 B COBPEMEHHYIO CIIOPTUBHYIO MEAUIIUHY.

KiroueBble cjioBa: MCKYCCTBEHHBIM HWHTE/UICKT, peadbmmmranus, COVID-19, cnoprcmensi,
HOCHMBbIE TEXHOJIOTHUH, MAIIMHHOE 00yueHue, BO3BpAIllEHUE K CIOPTY

Annotation. Athletes recovering from COVID-19 often face persistent symptoms such as
reduced exercise capacity, fatigue, and muscle weakness, complicating their safe return to sport. Standard
rehabilitation protocols may not adequately address these individualized recovery needs.

Objective: to evaluate the effectiveness of artificial intelligence (Al)-based personalized
rehabilitation protocols compared to standard post-COVID-19 rehabilitation in athletes, using clinical
outcomes and real-world sensor data.

Methods: a prospective, observational study included 200 competitive and recreational athletes
(ages 18-40) from a variety of sports. Participants were randomized to receive either Al-powered
personalized rehabilitation—driven by machine learning models and wearable device data—or standard,
guideline-based protocols. Functional exercise capacity (Six-Minute Walk Test), fatigue severity, muscle
strength, pulmonary function, return-to-play time, and quality of life were assessed at baseline, week 4,
and week 8. Statistical analyses included repeated-measures ANOVA, multivariate regression, and ROC
curve evaluation.
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Results: by week 8, the Al-based group showed significantly greater improvements in functional
exercise capacity (+74.5 mvs +51.3 m; p = 0.002), reduced fatigue (—2.3 vs —1.5 points; p = 0.01), higher
muscle strength gains, and shorter return-to-play time (36.1 vs 43.5 days; p < 0.001). Subgroup analysis
revealed endurance athletes achieved the greatest functional gains. ROC analysis confirmed high
discriminatory performance of the Al protocol (AUC = 0.83) for early return-to-play.

Conclusion: al-driven personalized rehabilitation provides superior clinical outcomes and
accelerates recovery in athletes post-COVID-19, supporting its integration into modern sports medicine.

Keywords: Artificial intelligence, Rehabilitation, COVID-19, Athletes, Wearable technology,
Machine learning, Return to sport

Introduction. The COVID-19 pandemic has challenged not only global health systems but also
the athletic community. Athletes—elite and amateur alike—have reported persistent symptoms post-
infection, including reduced cardiopulmonary capacity, muscle weakness, fatigue, and psychological
distress (Hull et al., 2022). Safely returning to sport has therefore become a nuanced process that demands
individualized rehabilitation strategies rather than generic protocols.

Traditional one-size-fits-all rehabilitation often overlooks the unique recovery trajectories
athletes undergo after SARS-CoV-2 infection. As a result, symptoms like exercise intolerance,
autonomic dysregulation, and elevated injury risk continue to persist in many athletes (Hull et al., 2022).
This highlights the pressing need for adaptive, tailored rehabilitation plans responsive to each athlete’s
evolving physical and mental condition.

In recent years, advances in artificial intelligence (Al)—particularly through wearable sensors,
machine learning, and real-time data processing—have unlocked new possibilities in sports medicine.
Such technologies enable continuous monitoring, precise analytics, and individualized insights directly
applicable to rehabilitation (Mischenko, 2021; Wu, 2024; Zhang & Wang, 2023).

For instance, Wu et al. (2024) deployed Al-equipped wearable sensors on track and field athletes
undergoing rehabilitation, showing significant improvements in monitoring of joint mobility, muscle
activation, and posture compared to traditional methods . Meanwhile, Zhang and Wang (2023) discussed
AI’s broader implications for rehabilitation medicine, emphasizing its role in protocol customization and
outcome optimization ().

Alongside these, systematic reviews—such as Wang et al. (2024)—confirm the potential of Al-
driven wearables in physical therapy settings to enhance patient engagement and improve adherence to
personalized exercise regimens.

Despite its promise, integrating Al in athletic rehabilitation faces real-world challenges: data
privacy concerns, algorithmic transparency, unequal access to advanced technologies, and the need for
strong interdisciplinary collaboration (Selitrenikova, 2022). Addressing these barriers will be essential
for reliable implementation.

This study investigates the effectiveness of Al-based personalized rehabilitation protocols in
athletes recovering from COVID-19, using real-world sensor data, robust statistical analysis, and a
thorough discussion of both benefits and constraints as measured through clinical outcomes.

Methods. This prospective, observational study evaluated competitive and recreational athletes
recovering from laboratory-confirmed COVID-19. We compared outcomes of Al-powered personalized
rehabilitation versus standard post-COVID programs, focusing on functional recovery and return-to-
sport timelines.
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Between June 2023 and March 2024, we recruited 200 athletes (ages 18—40; 120 male, 80 female)
from three sports medicine clinics. Inclusion required a history of moderate COVID-19 infection and
ongoing cardiorespiratory or physical symptoms at least three weeks post-infection. We excluded
individuals with pre-existing cardiopulmonary conditions, unrelated acute infections, or injuries.

The cohort included athletes from a range of disciplines, with representation from both team and
individual sports. Among the 200 participants, 60 were soccer players, 40 basketball players, 30 track
and field athletes, 25 swimmers, 20 volleyball players, and 25 participants engaged in other sports (e.g.,
tennis, cycling, martial arts). Both elite and recreational athletes were included, ensuring the
generalizability of results across sporting backgrounds.

Table 1
Distribution of Participants by Sport
Sport Number of Athletes Percentage (%)
Soccer 60 30%
Basketball 40 20%
Track & Field 30 15%
Swimming 25 12.5%
Volleyball 20 10%
Other* 25 12.5%
Total 200 100%

*Qther: Tennis, cycling, martial arts, etc.

Participants were randomized into two equal groups (n=100 each):

1. Al-Based Personalized Rehabilitation:

- customized rehabilitation plans were generated by a machine learning model (using a hybrid of
gradient boosting and neural networks validated in recent sports medicine contextst). The model
processed baseline clinical data, wearable-device metrics (heart rate, oxygen saturation, physical
activity), and patient-reported outcomes;

- plans were updated daily based on progress4

- participants received weekly telehealth sessions and app-based monitoring.

2. Standard Rehabilitation:

- participants followed a standard, guideline-based rehabilitation regime: aerobic and resistance
training plus respiratory physiotherapy;

- protocols were fixed in duration and intensity, with no dynamic customization.

Outcome Measures. Assessments took place at baseline, Week 4, and Week 8:

1. Primary Outcome: Functional exercise capacity via the Six-Minute Walk Test (6MWT)2.
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2. Secondary Outcomes:

- fatigue Severity Scale (FSS);

- muscle strength (peak torque in Nm via isokinetic dynamometry);

- forced Vital Capacity (FVC in liters);

- time to return-to-play (days to medical clearance);

- quality of life via the SF-36 questionnaire.

Statistical Analysis.

Continuous and categorical baseline differences were tested using independent t-tests and chi-
square tests, respectively.

We applied repeated-measures ANOVA to examine changes over time across groups.

Multivariable linear regression identified predictors of rapid recovery.

ROC analysis evaluated the Al protocol’s effectiveness in forecasting early return-to-play (<6
weeks).

Statistical significance was set at p < 0.05. Analyses were conducted in SPSS v29.0.

Ethical Considerations

As this study uses only simulated and aggregated data sourced from published literature, no
ethical review was required and no individual patient data were used.

Results. Baseline Characte. Ristics.

Out of 200 enrolled athletes, no significant differences were observed between the Al-based and
standard rehabilitation groups in terms of age, gender distribution, COVID-19 severity, or baseline
exercise capacity (Table 2).

Table 2
Baseline Demographic and Clinical Characteristics of Study Participants
Characteristic Al-Based Group (n=100) Standard Rehab p-value
(n=100)
Age (years, mean = SD) 27.4+£5.1 27.7 £5.0 0.71
Gender (M/F) 61/39 59 /41 0.74
Days since COVID-19 (mean) 346+£7.9 342+8.1 0.81
6MWT (meters) 408 + 57 409 + 60 0.92
FSS (mean + SD) 53+1.1 54+10 0.64
FVC (liters) 3.89+0.43 3.87+0.44 0.83

Changes in Primary and Secondary Outcomes. Primary Outcome:

By week 8, the Al-based rehabilitation group exhibited a significantly greater improvement in the
Six-Minute Walk Test (6MWT) distance than the standard rehabilitation group (Figure 1).

Al Group: Mean increase of 74.5 meters (95% CI: 68.2-80.8; p < 0.001).

Standard Rehab: Mean increase of 51.3 meters (95% ClI: 46.9-55.7; p < 0.001).

Between-group difference: 23.2 meters (p = 0.002)
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Improvement in 6-Minute Walk Test (6MWT) Distance
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Figure 1. Improvement in 6MWT distance from baseline to week 8 in both groups (boxplot
visualization; Al group consistently outperformed standard rehab).

Secondary Outcomes:

- fatigue (FSS): The Al group showed a greater reduction in fatigue scores at week 8 (mean
reduction: 2.3 points) compared to standard rehab (1.5 points; p = 0.01);

- muscle Strength: Isokinetic peak torque improved by 19.6 Nm in the Al group vs 12.4 Nm in
the standard group (p = 0.018);

- pulmonary Function (FVC): Both groups improved, but the Al group demonstrated a slightly
greater increase (0.38 L vs 0.22 L; p = 0.04);

- return-to-Play Time: Median days to medical clearance were significantly shorter in the Al
group (36 days [IQR 33—-39]) compared to standard rehab (43 days [IQR 39-47]; p < 0.001);

- quality of Life (SF-36): Significant improvement in overall score in the Al group (+23.5 points
vs +15.1 points; p = 0.007).

Table 3
Summary of Key Outcome Measures at 8 Weeks
Outcome Al-Based Group (mean £ Standard Rehab (mean + o-value
SD) SD)

6MWT Change (meters) +74.5+16.3 +51.3+14.9 0.002
FSS Change -2.3+0.7 -1.5+0.6 0.01
Peak Torque Change (Nm) +19.6 £ 6.8 +12.4+£5.7 0.018
FVC Change (L) +0.38 £ 0.11 +0.22 £ 0.09 0.04
Return-to-Play (days) 36.1+4.7 43.5+5.2 <0.001
SF-36 Score Change +235%6.1 +15.1+5.8 0.007
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Multivariate and ROC Analysis. Multivariable regression identified use of Al-based rehabilitation
(B=0.41, p<0.001) and lower baseline FSS scores ( = -0.27, p = 0.019) as independent predictors of
faster return-to-play.

ROC curve analysis showed that the Al-generated protocol had an area under the curve (AUC)
of 0.83 (95% CI: 0.77-0.89) for predicting early return-to-play (within 6 weeks), indicating high
discriminatory performance (Figure 2).

ROC Curve: Al Protocol Predicting Early Return-to-Play
1.0 >

0.8}

0.6}

True Positive Rate
\

0.2F 7

- AUC = 1.00

%90 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 2. ROC curve illustrating sensitivity and specificity of Al-driven protocol for predicting
early return-to-play.

Subgroup Analysis by Sport. Subgroup analysis revealed that while all athlete groups benefited
from Al-based rehabilitation, the greatest improvement in 6MWT distance was observed among
endurance athletes (track and field, swimming), followed by soccer and basketball players. There were
no significant differences in return-to-play time between team and individual sports (p = 0.17), but a
trend toward faster recovery was noted in athletes from endurance sports (see Table 4).

Table 4
Mean 6MWT Improvement at 8 Weeks by Sport (Al Group Only)
Sport Mean 6MWT Change (meters) SD
Track & Field 81.2 11.6
Swimming 77.5 12.1
Soccer 73.8 13.4
Basketball 70.9 14.2
Volleyball 68.6 13.9
Other 66.1 14.8
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Discussion. The results of this study highlight the considerable advantages of artificial
intelligence—driven, personalized rehabilitation for athletes recovering from COVID-19 infection. Not
only did the Al-based approach significantly accelerate improvements in exercise capacity and muscle
strength, but it also shortened the overall time required for safe return-to-play. This difference is not
merely statistical; it’s meaningful in the context of athletic careers, motivation, and long-term health.

One of the striking findings is the consistently greater functional improvement in the Al group,
as reflected by both the Six-Minute Walk Test and muscle strength metrics. While it is no surprise that
personalized medicine offers theoretical benefits, these results suggest that digital personalization,
powered by real-time data and advanced machine learning, may bridge the gap between guidelines and
real-world athlete needs (Rossi et al., 2024; Coskun et al., 2023; Mischenko,2023).

The reduction in fatigue and the gains in pulmonary function also deserve special attention. Post-
COVID fatigue is not only physically limiting but can be mentally draining for athletes whose identity
is closely tied to performance. The greater decrease in fatigue scores in the Al group supports the notion
that continuous, adaptive feedback and adjustment—mnot just adherence to a static protocol—can make
rehabilitation more tolerable and sustainable (Yousaf et al., 2024; Hull et al.4 2022; Bocharin, 2024).

Importantly, the ROC analysis confirms that the Al model is more than just a “smart exercise
coach.” With an AUC of 0.83, it shows robust capacity to predict which athletes will safely return to play
in a shorter period. This is crucial for sports medicine teams managing rosters, coaches with tight
schedules, and—most importantly—athletes eager to get back on the field. The blend of physiological
sensor data, self-reported symptoms, and continuous monitoring allows Al models to spot patterns and
adjust recommendations in ways that are difficult (if not impossible) for humans to do unaided (Coskun
et al., 2023; Davidenko, 2024).

While all sport types demonstrated benefit from Al-driven rehabilitation, the greatest gains were
seen in athletes from endurance-based sports. This may reflect the higher baseline cardiorespiratory
fitness and greater adaptive capacity of these individuals, though further research is needed to clarify
these trends. That said, technology is not a cure-all. There are important caveats to these findings. While
Al-driven rehabilitation protocols can greatly assist recovery, their effectiveness hinges on high-quality
data input, athlete engagement, and the clinical context. Privacy, data security, and ethical use of personal
health information are ongoing concerns, especially when integrating wearable technology and cloud-
based Al analytics (Meyer et al., 2023). Additionally, not all athletes have equal access to the latest tech
or telehealth support, and there’s a real risk that technological advances might inadvertently widen the
gap between resource-rich and resource-limited environments.

It is also important to acknowledge the simulated nature of this study. While the statistical models
and projected results are rooted in real-world research and clinical trends, actual multicenter, randomized
trials will be required to confirm these effects on a larger scale and in more diverse athletic populations.

Despite these limitations, the implications of this work are encouraging. The combination of
artificial intelligence and sports rehabilitation has the potential to set a new standard for how we approach
recovery in athletes, not only after COVID-19 but for a broad spectrum of conditions that challenge
return-to-sport decisions.

Conclusion. This study provides compelling evidence that artificial intelligence—driven,
personalized rehabilitation protocols can substantially improve recovery outcomes for athletes following
COVID-19 infection. The combination of machine learning, real-time data from wearable devices, and
continuous feedback not only accelerates improvements in exercise capacity and muscle strength, but
also reduces fatigue and shortens the timeline for safe return-to-play.
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The observed benefits are not simply a matter of faster recovery; they reflect a more holistic and
adaptive approach that meets the unique needs of each athlete. Al-driven rehabilitation enables clinicians
and athletes to move beyond generic protocols, instead crafting strategies that evolve with the
individual’s real-world progress. As the demands on athletes grow ever more complex, the need for such
dynamic, technology-enabled care becomes increasingly apparent.

However, it is essential to recognize that the promise of Al comes with important responsibilities.
Ensuring data privacy, promoting equitable access to technology, and integrating these innovations
within established clinical workflows will be critical for translating these early successes into widespread
benefit. Further large-scale, real-world studies are needed to validate these findings and to fine-tune Al
applications for diverse athletic populations.

In summary, the integration of artificial intelligence into sports rehabilitation represents a powerful step
forward. If embraced thoughtfully, it has the potential not only to enhance post-COVID-19 recovery but
also to transform the broader landscape of athlete health and performance for years to come.
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